Introduction
There are incremental needs of low k (low dielectric constant) materials and low dissipation factor materials in electronics industry. The former is primarily, because the wiring density is getting finer. In other words, the capacitance among the wiring is becoming unacceptable with the dielectric materials now in commercial use in various electronics applications, such as integrated circuit, integrated circuit packaging and flat panel display. The latter is due to the tendency to increase the operation frequency of electronic devices. It is obvious in telecommunication area. Wireless local area network of computers is expected to implement in the near future, and intelligent transport systems will be the source of the huge demand of low dissipation factor materials at GHz range of frequency. Theses microwave and milli-wave applications are the big driver of the material needs. CYCLOTENE (BCB) resins have been commercially available since 1992 for those needs by The Dow Chemical Company. SILK resins have been developed as low k materials exclusively for inter layer dielectric of integrated circuit, and will be commercially available in 1999. BCB resins and SILK resins both have 2.65 of dielectric constant; however, close to 2.0 of dielectric constant will likely be required for 0.13 node of integrated circuit, according to SIA Roadmap [1] . The Dow Chemical Company has a program called Nautilus in order to fulfill the dielectric constant needs down to <2.0.
2.Dow Chemical
Low k Materials BCB (divinylsiloxane bisbenzocyclobutene) is a unique thermosetting material based on benzocyclobutene chemistry 2] and a well-known low k and low dissipation factor material in the fabrication of multi-chip modules [3, 4, 5] and interconnection of GaJAs integrated circuits [6] . The chemical structure of BCB is shown in Fig. 1 .
BCB exhibits a combination of material properties and processing attributes which makes it attractive for implementation. BCB coating has an isotropic dielectric constant of 2.65 at 1 MHz, a dissipation factor of 0.0008 at 1 MHz, an equilibrium moisture absorption of less than 0.2% at 25°C and 81%RH, excellent chemical resistance to processing solvents, Tg greater than 350',C (see Table 1 and Fig. 2 ).
There are i-line photo sensitive version and nonphoto sensitive (dry etch) version of BCB. There is almost no difference in properties of cured BCB between the two grades. Both can be spin-coated and cured under anaerobic atmosphere (less than 100 ppm oxygen), without generation of corrosive or volatile by-products. Coatings are completely cured in usual conditions of one hour at 250°C, or as rapidly as one minute at 310°C (see Fig.3 ). This simple process performs a very uniform BCB coating: from 0.4 micron through 26 micron thick coating. It also performs very good planarization (Fig. 4) and gap-fill properties. Further property and processing data are available at http://www.dow. com/cgi-bin/frameup.cgi?/cyclotene/index.htm.
SILK semiconductor dielectric resins are known as good inter layer dielectric materials for copper damascene process [6j. SILK resins have been developed exclusively for the use of inter layer dielectric in the interconnect structure of high density integrated circuit. SILK resins perform better thermal resistance by roughly 100°C than BCB, and this will allow SILK resins the use through high temperature integrated circuit process. The fully cured films of SILK resins perform 0.7 wt%/hr of the weight-loss rate during isothermal exposures at 450°C, an isotropic dielectric constant of 2.65 at 1 MHz, greater than 490°C of Tg, 0.24 wt% of water absorption at 80% RT at room temperature. The coefficient of thermal expansion is 62 ppm/°C, and the stress in fully cured films on Si wafers is about 60 MPa (see Table 1 ). SILK resin coatings can be made using a conventional spin coater, and highly uniform films are made through curing at 400°C to 450°C. Polymerization does not require a catalyst. There is no water evolved during the polymerization.
Nautilus is the name of a project which The Dow Chemical Company develops ultra low k inter layer believes that the extensibility is the key to be chosen as inter layer dielectric materials by integrated circuit industry.
